ABSTRACT BACKGROUND: Acute appendicitis is one of the most common causes of abdominal pain seen in surgical clinics. Although it can be easily diagnosed, the picture may be confusing, particularly in premenopausal women and the elderly. The present study is an evaluation of 2 of the current scoring systems with respect to accurate diagnosis of the disease and indication of inflammation severity.
ratory findings. Ultrasonography (USG) and computed tomography (CT) images should be considered in evaluation of acute appendicitis, and in some cases, advanced imaging may also be needed. [2] Gynecological emergencies, particularly in premenopausal women, such as pelvic inflammatory disease, ovarian cyst rupture, and tubal pregnancy mimic acute appendicitis and may be mistaken for acute appendicitis at a rate of 40%. [2, 3] In addition, diseases that do not require surgery, such as urological disease, colonic diverticulitis, and epiploic appendicitis, may be confused with acute appendicitis. Since diagnostic markers for acute appendicitis are limited, advanced imaging methods should be used for these patients. Negative appendectomy rate has been reported as 12%, and undiagnosed perforated acute appendicitis rate has been reported as 3.4% in the literature. [4] Patients are exposed to unnecessary surgical stress in cases of negative appendectomy while other diagnoses may be ignored. When diagnosis is clinically
INTRODUCTION
Acute appendicitis is the most common clinical diagnosis in general surgery clinics for patients who require urgent operation due to abdominal pain. [1] Diagnosis is generally made based on history, symptoms, physical examination, and labo-or radiologically suspected acute appendicitis, or if it is omitted altogether, more complex clinical picture may develop. In order to minimize these cases, various diagnostic scoring systems, such as Alvarado, Ohmann, Eskelinen and Lintula scores, have been developed for use in daily practice. [5, 6] Alvarado score, which is based on symptoms, physical examination, and laboratory findings, has been in use since 1986. It is a simple and inexpensive test that can be applied for patients with right lower quadrant pain. [5] Ohmann score is another easily applied scoring system to explore possibility that patient with abdominal pain has appendicitis. [7] The present study examined efficacy of both systems for diagnosis of appendicitis and assessment of severity of inflammation.
MATERIALS AND METHODS
This prospective study was conducted between November 1, 2014 and July 31, 2015 with the permission of the ethics committee of Adnan Menderes University Faculty of Medicine. Total of 105 patients who came to Adnan Menderes University emergency service and were prediagnosed with acute appendicitis were included. Alvarado score (Table 1) and Ohmann score (Table 2) were calculated. Abdominopelvic examinations and laboratory findings were evaluated, and all patients underwent abdominal USG. All patients who underwent surgery at Adnan Menderes University Faculty of Medicine General Surgery Clinic provided written informed consent. Intraoperative severity scoring system was used during operation to determine severity of inflammation (Table 3). Definitive diagnosis was made histopathologically after surgery. Patients who declined surgery, who did not want to participate in the study, who were not operated on due to doubt in the diagnosis of appendicitis, or who were discharged after follow-up and had regression of symptoms were excluded from the study.
The study was explained to all patients who underwent surgery and their relatives, and written, informed consent was provided for the findings to be used for scientific purposes.
Alvarado scoring system consists of 8 parameters, and rate of accuracy varies between 78% and 82%. [8, 9] Surgery is recommended for patients who receive score of 7 or more, and follow-up is suggested for those whose score is less than 7. [10] Ohmann scoring system also consists of total of 8 parameters. Patients whose score is less than 6.5 are evaluated as "low probability of appendicitis," while score of between 6.5 and 12 is interpreted as "may have appendicitis" and followup is recommended. Score of 12 or more is seen as "most likely has appendicitis." [11] Although Mannheim Peritonitis Index is a scoring system used to measure severity of peritonitis, there is no system specific to appendicitis that has generally proven to be valid for assessment of severity of intraoperative inflammation. [12] For the present study, simple grading system based on intraoperative macroscopic findings was used to evaluate inflammation. Intraoperative severity scoring system awarded 0 points to patients with negative appendicitis, 1 point to patients with increase in vascularity only, 2 points to patients with perforated appendix, and 3 points to those with perforation and phlegmonous appendicitis. Shift of white blood cell count to lefta 1
Total (maximum) 10 Table 3 . Intraoperative severity scoring
Major finding Points
Negative appendectomy 0
Increased vascularity 1 Perforated appendix 2
Perforated appendix + phlegmonous appendicitis 3 This study is an investigation of correlation between Alvarado and Ohmann scores and inflammation severity, conducted with the intent to contribute to the available statistics by identifying the contributions of these scoring systems to accurate diagnosis of acute appendicitis in terms of predictive sensitivity and evaluation of inflammation severity.
Statistical Analysis
Continuous and categorical data were analyzed using SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). Descriptive statistics were expressed as numbers and percentages for categorical data, while average standard deviation and median with minimum-maximum were used to express continuous data, depending on normal distribution. As it was determined that Alvarado and Ohmann scores were not normally distributed (Kolmogorov-Smirnov test), these variables and ordinal variable of intraoperative severity score were compared using Kruskal-Wallis test. The possible factors determined in the previous analyses were used in multivariate analysis, and logistic regression analysis was performed to analyze independent estimators in prediction of appendicitis as determined by pathology results. Agreement between pathology results and results of USG was investigated using Kappa statistic correlation test. Cases in which type I errors were below 5% were accepted as statistically significant.
RESULTS

Patients and Treatments
A total of 105 patients were included in the study; 50.48% (n=53) were female and 49.52% (n=52) were male. Open appendectomy was performed in 41 cases (39.10%) and laparoscopic technique was used in 64 cases (60.90%). Median age was 31 years (min=16, max=76 years). Median age of female patients was 28 years, while that of males was 34 years.
Relationship between Alvarado and Ohmann scoring systems Moderate positive correlation was found between Alvarado score and Ohmann score (r=0.508; p<0.001). According to histopathological results, rate of accurate prediction of acute appendicitis diagnosis according to Alvarado scoring system was statistically significant (p=0.027), while rate of prediction using Ohmann score was not statistically significant (p=0.807).
When patient white blood cell (WBC) count was evaluated against scoring system results, difference for Alvarado score was statistically significant, but only weak positive correlation was observed (r=0.279; p=0.004). No statistical significance was observed for Ohmann scoring system based on WBC.
(r=-0.021; p=0.834) (Figs. 1, 2 ).
Intraoperative Severity Score
Link between 2 scores and the intraoperative severity score was determined to be weak; however, statistical significance was observed between Alvarado score and intraoperative severity score (r=0.30; p=0.002) Increase in Alvarado score was reflected in increase in intraoperative severity, but this link was weak. No statistical significance was found between Ohmann scoring system and intraoperative severity scoring (r=0.09; p=0.384). When patients were divided into 4 groups according to intraoperative severity scoring (0-3), significant difference was observed based on Alvarado score (p=0.016). Patients who had intraoperative severity score of 0, 1, or 2 had median Alvarado score of 7, and patients with intraoperative severity score of 3 had median Alvarado score of 8. No significant difference was observed between these 4 groups according to Ohmann score (p=0.457).
Accuracy of USG
Sensitivity of USG based on histopathology results was 80.22% and specificity was 92.86%. USG consistency with final histopathology determination was 48.3%.
DISCUSSION
Acute appendicitis is the most common cause of abdominal pain cases seen in emergency services and surgery clinics, but it can be difficult to make definitive diagnosis, particularly in premenopausal women and elderly patients. toms and may be easily confused with appendicitis. [2, 14] Delayed diagnosis and intervention in case of acute appendicitis can lead to clinical picture of perforation, sepsis, and increase in morbidity and mortality. On the other hand, cases of appendectomy performed with diagnosis of appendicitis and negative appendicitis result determined intraoperatively and histopathologically are reported to be at rate of 12% to 40% in the literature. [4, 15] Many authors have reported that this rate is acceptable in order to decrease rate of perforation to minimal. [16] Though there are now advanced imaging methods, such as USG and CT, many diagnostic scoring systems have been developed to help decrease rate of negative appendectomies. The present study compared predictive diagnosis of acute appendicitis according to Alvarado and Ohmann scoring systems and correlation to severity of inflammation.
Alvarado score is simple test that is accepted as having high sensitivity and specificity. [9, 17] Many studies have been performed affirming general validity for predicting acute appendicitis. Dumlu et al. [18] stated in a study they performed that as Alvarado score increased, inflammation also increased. In a study performed by Kariman et al., [19] patients who presented with acute abdominal pain and had result greater than 7 on Alvarado scoring system were 93% more likely to be diagnosed with acute appendicitis, while patients with score below 7 had 26% chance of being diagnosed with acute appendicitis. Therefore, one may have great confidence in guidance of tool in instance of Alvarado score of 7 or more, but patients with lower score should be approached cautiously. The Alvarado score rate of accurate prediction of diagnosis of acute appendicitis was determined to be statistically significant in our study (p=0.027). Moreover, statistical difference, though weak positive correlation, was observed between Alvarado scoring system and WBC (r=0.279; p=0.004). Significance of Alvarado scoring in prediction of acute appendicitis is consistent in the literature. We wanted to investigate correlation to degree of clinical severity of inflammation. We did not use Mannheim Peritonitis Index, a scoring system used for years in order to determine severity of peritonitis, as it is not specific to appendicitis. [12] In order to determine severity of intraoperative macroscopic clinical inflammation, we used a basic but useful intraoperative severity scoring system in this study. Other authors have created and published studies with similar, unique macroscopic severity scores in the literature. Sousa-Rodrigues et al. [6] used 4 inflammation groupings in their study. A scoring system was established to measure minimal changes: necrosis without perforation, perforation, perforation with limited peritonitis, and generalized peritonitis. No strong correlation was observed in their findings despite statistical significance. Dumlu et al. [18] classified patient groups in terms of severity of inflammation as having acute appendicitis, perforated appendix, perforation + phlegmonous appendicitis, or perforated appendix and negative appendectomy. Correlation was observed between severity of inflammation and Alvarado scoring system. In our study, 0 points were given to patients with negative appendicitis, 1 point to patients with increase in vascularity only, 2 points to patients with perforated appendix, and 3 points to those with perforated appendix and phlegmonous appendicitis. In our study, link between Alvarado score and intraoperative severity scoring was found to be weak, though there was statistical significance between them (r=0.30; p=0.002). In addition, when Alvarado score increased, intraoperative severity score was observed to increase. For this reason, according to the results of our study, we believe that Alvarado score may be a means to both predict appendicitis and estimate severity of inflammation.
Ohmann scoring system was developed by Ohmann et al. [20] and it is a useful and easy test employed in diagnosis of acute appendicitis. Kıyak et al. [7] reported in their study that Ohmann scoring system may be more successful at excluding diagnosis of acute appendicitis. Zielke et al. [20] stated in a multicenter study that Ohmann score may be beneficial in predicting diagnosis of acute appendicitis. In our study, moderately positive correlation was found between Alvarado score and Ohmann score (r=0.50; p<0.001). However, diagnosis of appendicitis by Ohmann scoring system was not found to be statistically significant according to histopathological results (p=0.807). Another study also reported that Ohmann score was better at excluding acute appendicitis, rather than predicting it. [21] No statistical significance was observed in relationship to WBC. (r=-0.021; p=0.834). Weak link was found between WBC and intraoperative severity score, but no statistical significance was observed (r=0.09; p=0.384). We believe that the reason for this is higher specificity of Ohmann scoring system. Exclusion of diagnosis of acute appendicitis can be made for patients with low Ohmann score; however, higher score merits further examination. We believe that there is no correlation between Ohmann score and severity of inflammation. Doubt regarding diagnosis of appendicitis remains, despite availability of several scoring systems. The easiest and most widely known of these, the Alvarado scoring system, provides a path to diagnosis of acute appendicitis. It can also provide clinician with idea about severity of inflammation. Ohmann scoring system is generally used for exclusion of acute appendicitis rather than prediction and it does not seem sufficiently sensitive. Nor does it give much idea about severity of inflammation. Further studies with wider context and more patients are needed.
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